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Abstract. Phase-resolved observations of the solar-type star ^ Bootis A were ob- 
tained using the NARVAL spectropolarimeter at the Telescope Bernard Lyot (Pic du 
Midi, France) during years 2007, 2008, 2009 and 2010. The data sets enable us to 
study both the rotational modulation and the long-term evolution of various magnetic 
and activity tracers. Here, we focus on the large-scale photospheric magnetic field (re- 
constructed by Zeeman-Doppler Imaging), the Zeeman broadening of the Fel 846.84 
nm magnetic line, and the chromospheric Call H and Ha emission. 



1. ^ Bootis A (HD 131156A) 

^ Boo A is th e primary comp onent of a visual binary syst em which follows a IS l-yr 



[npi 

orbital period (Hersheyl ll977h . Its mass is 0.86 ± 0.07Mo (Fernandes et al. 19 981) and 



its me an effective temperature Te/f is known to be 5,550 K (GraY.1994., ). Toner & Gray 



(119881 ) determined a rotational period of 6.43 days which we used to determine the 



rotational phases of our observ ations. The equatorial velocity projected on the line of 
sight is equal to 2.9 + 0.4 km/s (lGraylll984 ). 

f Boo A is a ver y active star, with irregular fluctuations of chromosph eric emission 

(Bal iunas et al.lll995h . Its photospheric magnetic field was first detected by lRobinson. Worden. & Harvey 



198db . A first attempt at modelling the magnetic geometry of the star was proposed 
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by IPetit et all (l2005h . who reconstructed a surface distribution of the magnetic field 
dominated by a large-scale toroidal magnetic component. 



2. Observations 

The data sets were collected with the NARVAL spectropolarimeter at Telescope Bernard 
Lyot (Observatoire du Pic du Midi, France). The in strumental setup and reduction pro- 
cedure is the same as the one described in IPetit e t al. (2008). This instrument has a 
resolution of 65,000 and covers a wavelength domain from near-ultraviolet (370 nm) 
to near-infrared (1,000 nm). It provides simultaneous recordings of intensity (Stokes I) 
and circularly polarized (Stokes V) spectra. One set of spectra was obtained for each 
year between 2007 and 2010. The first set was recorded from July 26 to August 10 in 
2007, and contains 9 spectra. In 2008, 19 spectra were collected between January 18 
and February 15. The third set contains 13 spectra from May 28 to July 5, 2009. The 
last 9 spectra were obtained between 2009 December 14 and 2010 February 14. For 
each year, the maximum S /N ratio (around 700 nm) averaged over the time-series is 
successively 711, 582, 455 and 678. 
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Figure 1 . 2010 Stokes V LSD profiles of ^ Bootis A, after correction of the mean 
radial velocity of the star. Black lines represent the data and red lines correspond to 
the synthetic profiles of our magnetic model. Successive profiles are shifted verti- 
cally for display clarity. Rotational phases of observations are indicated in the right 
part of the plot and error bars are illustrated on the left of each profile. 



3. Magnetic field maps 



Using a line-list containing about 6,200 lines and matching a stellar photospheric model 
for the spectral type of ^ Bootis A (G8V), we calculate from the observed spectrum a 
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single, averaged photospheric line profile using the LSD multi-line technique (iDonati et al 
19971 : iKochukhov et alboioh . Thanks to this cross-correlation method, the noise level 



of the mean Stokes V line profile (Fig{T]) is reduced by a factor of about 30 with respect 
to the initial spectrum. The resulting noise levels are in the range 3.0 10"^-1.6 10~^ Ic 
(where denotes the continuum intensity). 

Assuming that the observed temporal variability of Stokes V profiles is controlled 
by the stellar rotation, we reconstruct the magnetic geometry of the star b y means of 
Zeem an-Doppler Imaging (ZDI). We employ here the modelling approach of lPonati & Brownl 
(119971 includin jg also the spherical harmonics expansion of the surface magnetic field 
implemented by lDonati et al.l (l2006l ) in order to easily distinguish between the poloidal 
and toroidal components of the reconstructed magnetic field distribution. The obtained 
maps are displayed in Figl2l 

The global mean field is around 82 Gauss in 2007, 32 in 2008, 53 in 2009 and 38 
in 2010. The fraction of poloidal field (wrt toroidal field) is 17% in 2007, 38% in 2008, 
27% in 2009 and 32% in 2010. 




Figure 2. Large-scale magnetic field maps of ^ Bootis A for 2007 (top left), 2008 
(top right), 2009 (bottom left) and 2010 (bottom right). For each year, the three 
components of the field vector, in spherical coordinates, are represented from top to 
bottom (radial, azimuthal, meridional). The magnetic scale is expressed in Gauss 
(note that the scale is not the same for all years) and the rotational phases of obser- 
va tion are indicated as vertical ticks above each epoch. We take the same phase zero 
as lPetit etalJ (l2005h . ie Julian date 2 452 817.41. 
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4. Chromospheric activity (Call H and Ha) 

To study the evolution of the chromospheric Call H emission during a rotation period, 
we calcula te an emission index from our sets of Stokes I spectra with the method de- 
scribed in 'Wrig ht et"aD (12004 ^ (FigEJ). The index globally decreased between 2007 



and 2010 (the mean values for the four years are respectively 0.413, 0.387, 0.390 and 
0.366). A rotational modulation is clearly observed in 2008 and 2010. We also recon- 
struct a similar index to monitor the evolut ion of the chromospheric Ha emission using 
the same passbands as ^ Gizis et all (l2002h . A very good correlation (with a Pearson 
coefficient of about 0.85) shows up between the Ha and the Call H indices. 
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Figure 3. Call H activity indicator as a function of the rotational phase for 2007, 
2008, 2009 and 2010 (from top to bottom). 



5. Zeeman broadening 

We perform a rough estimate of the Zeeman broadening, and of its temporal fluctua- 
tions, by monitoring the width of a near infrared Fel line with a high Lande factor (A = 
846.84 nm, g = 2.493). The line width is calculated for each intensity spectrum. 

We observe a decrease between each successive year, in agreement with the similar 
evolution observed in the chromospheric emission. Moreover, there is a clear correla- 
tion (with a Pearson coefficient of 0.86) between the Call H activity indicator and the 
widths of the magnetic line, for the whole data set (FigH]). We note that such correla- 
tion does not exist between the chromospheric index and the width of a neighbouring 
photospheric line with a low Lande factor. We note also that the significant change in 
Stokes I line width (Figl?)) implies a significant decrease in the total unsigned magnetic 
flux between 2007 and 2010. 
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coeff corr = 0.8606 




^528 0.29 0.30 0.31 0.32 0.33 

Ca II H activity indicator 



0.34 0.35 



Figure 4. Correlation between the widths of the Fel 846.84 nm magnetic Hne and 
the values of the Call H index. 



6. Discussion 

An obvious decrease of the global magnetic field is visible between 2007 and 2010 in 
the magnetic maps. The same kind of evolution occurs for the Call H and Ha index 
during the same period, as well as for the width of Pel 846.84 nm magnetic line. During 
the same time interval, the fraction of large-scale magnetic energy stored in the poloidal 
field component is multiplied by a factor of two, while the opposite trend is observed 
in the unsigned magnetic flux. 

During the timespan of our monitoring, the large-scale magnetic geometry of ^ 
Bootis A does not experience dramatical changes like the global magne tic polarity 
reversals recently reported for HD 190771 (jPetit et all 12009 *) or r Bootis (iFares et alJ 



[2009). Future monitoring of the star will tell us wether its magnetic evolution is asso 
ciated to some kind of cyclicity, and if its global magnetic field can undergo polarity 
switches, as only observed on more massive solar-type stars up to now. 
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